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Presenter
Presentation Notes
Talk about:
800 MeV protons accelerated onto tungsten target, creating spallation neutrons with energies up to 800 MeV
5 research facilities, WNR uses neutrons with energies up to 800 MeV, other facilities either use moderated neutrons or primary proton beam

Primary beam creates prompt radiation hazards above 500 rad/h (VHRA)

High energy particle accelerators need survey instruments capable of detecting high energy radiation – specifically neutrons in this case.
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HPI Model 2080B (Albatross)
10 poly pseudo-sphere
Uses 2 GM tubes
One wrapped in silver, the other in tin
Detects neutrons up to 10 MeV
Weighs 25 lbs

Used as an area monitor, not for surveys

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA


Presenter
Presentation Notes
*used predominately as an area monitor

-- ask Mike if we use these for area surveys as well? Would be limited at the lujan center.  Had alan build in delay scalar mode
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LANL Instrumentation Review
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Neutron Energy Definitions - Los Alamos

For the purpose of this research, the following
definitions apply:

Slow neutrons: E < 0.5 eV

Fast neutrons: 0.5 eV <E <20 MeV
High-energy neutrons: E > 20 MeV

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
In this research, I define fast neutrons as having energies above .5 eV but below 20 MeV. And high energy neutrons as having energies above 20 MeV.
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Spallation

Light particle (neutron, proton) with high-energy interacts with a
heavy nucleus (tungsten, lead)

LANSCE: 13.3 spallation neutrons created per beam particle

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA



B
Oth_er Neutron Instruments ﬁg Alamos
Available/Developed at LANL

Eagle Rem Meter WENDI-II Rem Meter CHELSI

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA


Presenter
Presentation Notes
Neutron Moderation Detectors
NRD-1: 9” cadmium loaded poly sphere, He-3 tube, up to 10 MeV, 14 lbs,

Eagle: high-energy version of the albatross, uses same detectors but poly moderator has a tungsten shell included which increases high-energy response via spallation interactions.  Weighs around 30 pounds??
WENDI-II: Large 3He tube inside 9” diameter, poly-moderator with tungsten additive.  Weighs 30 pounds

Other
CHELSI: 	1”x1” CsI(Tl) crystal mounted on a PMT
	Incident neutrons with energies >10 MeV interact and create charged particles which generate light in the scintillator
	Capable of pulse height and shape discrimination for calculating neutron fluence and dose
	Weighed only a few pounds
	Never commercialized




. . Los Alamos
ResearCh OijCtlveS NATIDNA:.STI?::?::)RATORY

LANL’s deployed neutron detection systems are essentially
blind to neutrons above 20 MeV. The intention of this research
is to fill this gap by developing two interdependent neutron
detection systems, one for the detection, or ‘sniffing’, of high-

energy neutrons and one for dose quantification.
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Neutron Sniffer
Qualitative instrument used for shielding surveys
Should be lightweight and portable
Use a high atomic mass, high density material (1.e., CsI(T1))

Will create and measure spallation products when exposed to high-
energy neutrons

Apply a very high pulse-height threshold to reduce ambient
background and lower energy radiation response

Compare response to commonly used Nal(T1) response

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
The neutron sniffers developed are going to be used for shielding surveys at high energy particle accelerators and should be light weight and portable for easy use in the field.

A high atomic mass, high density material, such as CsI, should be used to increase the probability of spalling the scintillation material and therefore increasing the probability of detection

By applying a very high pulse height threshold, the response to background and lower energy radiations will be vastly reducing, thus focusing on high energy fields.

I also  developed and tested NaI scintillators as they are very commonly used in the industry and could be easily repurposed for this type of survey
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Research Objectives Cont.

Dose Quantification
Utilize >C(n,2n)!''C reaction in plastic
scintillators
Reaction has a 20.4 MeV threshold

One of the most reliable methods for
measuring fluence and dose equivalent from
high-energy neutrons

Cross - section i milibarns

Effective cross section of 22 mb for all
energies at and above 20 MeV
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Presentation Notes
Organic Plastic scintillators which contain carbon will be placed in areas with elevated high energy count rates and used to quantify the dose equivalent in the area.

This is measured via the C-12(n,2n) reaction, which has a 20.4 MeV neutron energy threshold and is considered one of the most reliable methods for measuring fluence of high energy neutrons.

Though this curve shows a peak cross section around 30 mb at an energy near 100 MeV
This reaction has a 22 mb effective cross section across energies from 20 MeV to 100 GeV.  
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Sniffer Probes
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Four different probes were paired with Eberline E600
ratemeters.

2x2 CsI(TI)
1x1 CsI(TI)
2x2 Nal(TI)
1x1 Nal(TI)

Weights

2x2: 6.2 1bs
I1x1:4.4 Ibs

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
For this research, I developed 4 sniffing probes total consisting of 2 different crystal sizes and 2 different scintillating materials.  I used a 2x2 CsI, 1x1 CsI, 2x2 NaI, and 1x1 NaI throughout my experiments.  

The larger detectors weigh only 6.2 lbs and the smaller detectors weigh 4.4 lbs – much lighter than the current neutron detectors we have available.


Sniffer Probe Channel Settings
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Channel | Calibration Lower Upper Counting | Gross counting
. Threshold Threshold : ;
# Source Window threshold
[mV] [mV]
1 MlAm 3 20% Both 60 keV
2 208T] 5.1% 20 Upper 2.6 MeV
3 20871 5.1% 60 Upper 7.8 MeV

*Parameters are arbitrary

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
Each probe was set up and calibrated to use 3 different detection channels.

Ch. 1 was calibrated using an Am-241 source which emits a 60 keV gamma.  This channel responds to signals created above both the lower and upper thresholds, meaning all signals are counted.  The only purpose of this channel is to verify the detector is operable and responding.

Channels 2 and 3 were calibrated using thorium mantels, specifically making use of the Tl-208 2.6 MeV gamma.  These two channels were setup to only count signals which exceed the upper thresholds.

Channel 2 only counts signals above the upper threshold setting of 20 mV, which corresponds to the first point of response to the 2.6 MeV gamma, discussed later. 

Channel 3 is setup to count signals above the 60 mV threshold.  As 60 mV is 3 times that of the 20 mV, the energy threshold then become around 7.8 to 8 MeVee.  

I think this will make a bit more sense when we look at the voltage curves.
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1x1 Nal Ch. 2 & 3 Calibration Curve
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2x2 Nal Ch. 2 & 3 Calibration Curve
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1x1 Csl Ch. 2 & 3 Calibration Curve
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Presentation Notes
I set the voltage past the point of response so that we had both a large and small detector with lower energy thresholds.  The effects of this will be seen throughout my experiments, though in the future when these probes are used routinely, the operating voltage should be adjusted to the point of response, around 550 V.


2x2 Csl(TIl) Voltage Curve

Intensity
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2x2 Csl Ch. 2 & 3 Calibration Curve
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Background and Source Comparison

Background Measurements

Detector ID | Ch. 1 [cpm] | Ch. 2 [eps] | Ch. 3 [cps]
2xd Nal 11.1k 2.5 1
2xd Csl 11.7k 1.5 1
Ix1 Nal 1.7k 0.5 0.8
1x1 Csl 2.5k 0.6 0.2
Cobalt-60 Measurements
Detector ID | Ch. 1 [cpm] | Ch. 2 [cps] | Ch. 3 [cps]
2x2 Nal 190k 27.5 1
2xd Csl 63k 0.7 0.6
Ix1 Nal 74k 0.8 0.3
Ix1 Csl 222k 1.5 1.4

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
Consistent with the calibrations, the 2x2 NaI and 1x1 CsI respond the most to the Co-60 source.
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252Cf source
17.47 mCi
~ 1% of neutron emissions with energies of 7+ MeV

~ 0.5% of neutron emissions with energies of 8+ MeV

Am:Be source
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Presentation Notes
After completing the calibrations, I took my probes to the instrument calibration facilitiy at LANL, where I used Cf-252 and Am:Be sources to test my thresholds.

Cf emits a small percentage of neutrons above 7 and 8 MeV and the Am:Be source has a neutron emissions peak centered near 10 MeV.  During these two source exposures, some level of response is expected on Ch. 3

The detectors continuously take 60 second measurements and auto-restart after each count.  Each detector was started individually so although they are all taking 60 second measurements, they are not necessarily measuring the same 60 seconds during the exposures.  

You will see in many of these graphs that the first and last data points are lower than the average count rates.  This is simply the points where the sources were raised and dropped during a measurement.
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Exposures

252
Cf Exposure on Ch. 3 Am:Be Exposure on Ch. 3
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Plastic Scintillators
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12C(n,2n)"C Reaction

Reaction has a neutron energy
threshold of 20.4 MeV

Effective cross section of 22 mb for
neutron energies = 20 MeV

HC decays by f*emission

0.96 MeV maximum energy

0.386 MeV average energy
20.34 minute half-life

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Fluence to Dose Equivalent

Fluence rate () is related to the '"'C producing
reaction rate (R,) inside the plastic scintillator.

) % o(cm?) * pa (oS
cm?3

R 3. 5) =
L(rxns/cm3 - s) (p(cmz-s

p, = 4.7346x10%2 atoms/cm?® o =22 mb =2.2x1026 cm?

n
_ -3
1, (sz . S) = 9.94585 x 107> * R, (rxns/s)
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dN, _
— = R,(rxns/cm3 -s) — A(s )N, (atoms)
A() =Ry - (1—e™)

A(t) = Ry - (1 —e~ti/T)
_ tc
A(D) =R, - (1—e /7). (e td/’c) : j etlrdt
0

T =meanlife  t=irradiation time t; = decay time t.= 0 at start of count
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Presentation Notes
The production of C-11 within the scintillator is described by this first equation where Nc is the number of C-11 atoms present at any time and lambda is the decay constant.

Turner provides the solution to this differential equation in equation 4.37 and we assume that no initial activity is present.  

The acitivity at the end of irradiation is given by the third equation, and become the 4th equation when we include a decay factor for the time it takes to transport the scintillator to the counting system.  And also a decay factor to include the decay occurring during the counting interval.  
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¢t _ tc
N(counts) =e-R,(1—e tl/f) - (e td/T) : j e’/ dt
0
N(counts) = €-R,(1 — e_ti/r) : (e_td/r) T (1— e_tc/r)

CF(dead ti )—RT
ea lme _LT

Ctrue

CF(efficiency) =

Cobserved

N (counts)
e-T-(1— e_t"/f) : (e_td/f) (1 - e_t"‘/f)

R,(min™1) =
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Presentation Notes
The number of counts is found by multiplying this equation by the efficiency, assumed to be 100%.  The counts obtained during a measurement of counting time tc are calculated using these 2 equations.  

A long, overnight background measurement was performed prior to this measurement and the background counts were subtracted to obtain the NET counts.

A dead time correction factor is necessary when considering high count rates such as those seen in FP60R.  Additionally, an efficiency CF is needed to account for the missing counts in the lower channels.  
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N (counts)
g-1-(1— e_t"/r) : (e_td/r) (1 - e_tc/r)

R,(min™1) =

n
— -3
@ (sz ' S) = 9.94585 x 1073 * R, (rxns/s)

DE(mrem/h) = CF(mrem/h per n/cm? -s) * QO(n/CmZ -s)

CF = 0.10 mrem/h per n/cm? s
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Presentation Notes
Here we see a better representation of the calculation process.  

First we calculate the reaction rate using the first equation, which can then be used to find the fluence rate.

The DE is determined using the 3rd equation where Graham Stevenson provides a correction factor of 0.10 mrem/h per fluence rate
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Plastic Scintillator Options

ID | Condiftion Color
A Clear Yellow
B Opaque Yellow
C Opaque Yellow
E Foggy Colorless
F Clear Colorless
G Clear Colorless
H Clear Colorless
J Clear Colorless

Counts

Counts

» Los Alamos

NATIONAL LABORATORY
EST.1943

Scintillator J 30-Minute Background Measurement
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Scint. J background is representative for all scintillators.

Note: the high background response seen in the last few channels, near channels 5-7
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Counting System Zero Test
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C-14 Measurement
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Presentation Notes
a zero test was performed on the scintillator counting equipment to determine if zero energy would be measured near the zero channel. If determined to occur behind the zero channel (i.e., negative channels), a backwards correction would be necessary.

Ideally, an artificial pulse injector would be used for this test and to do an energy calibration.  However, the one on hand was non-operable, so radiation sources were used in leau of a pulser.  The radiation sources are not precise enough to perform an energy calibration.
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Counting System Linearity Check
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Presentation Notes
Zero energy is expected to be measured around channel 20 based on the linear equation.

Since the linear equation does not indicate that zero energy would occur in a negative channel and the counting system responds at these lower channels, it can be assumed that no  backwards correction for missed energy response is necessary.

As this zero test was not an energy calibration, it is reasonable to believe that zero energy occurs at or above zero channel.
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FP60R Exposures on 10/19/19 B o

Irradiation Decay Count Dead

Time (mm) | Tme (mm) | Tme (mm) | Tme (%)
Scmtillator J 60 90 30 11.6
Scmtillator F 15 65 30 12.71
Scmtillator H 5 12 30 23.91

Comparison of Carbon Plastic Scintillator Measurments Performed on Oct. 19, 2019
2.5E+05

2.0E+05
® Scint J

® Scint F
Scint H

1.5E+05

Counts

1.0E+05

5.0E+04
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Channel #
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Although the spectral shape of the three measurements are comparable to the characteristic 11C spectral response shape noted in Figure 5 and the dead times are decently low, the observed counts are still much higher than expected field measurement intensities. These initial exposures were used to gain a baseline understanding of the detectors response in the beamline, while future measurements with shorter irradiation times would be used to calculate an efficiency correction factor, as their intensities are more comparable to expected field measurement intensities.
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FP60R Exposures on 11/27/19

Scintillator F response from 120 second irradiation on FP60R.
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Gross counts Ch.(20-150) = 8.86x10°

Dead time ~ 16% = CF(dead time) =1.19

DT corrected Gross Counts Ch.(20-15) =1.053 x 10°
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Presentation Notes
61 minutes decay

Based on the Scint. F spectrum, it is assumed that the ROI corresponding to the C-11 response lies within channels 20-150.  A linear regression was then performed to extrapolate down from channel 20 to channel 0, which accounts for the C-11 response hidden in the high background of the lower channels.  The gross counts from the C-11 response in channels 20-150 were then summed – equaling 8.86x10^5 counts.
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Scintillator F response from 120 second irradiation on FP60R.
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Czo—150 1.053x10¢%

CF(efficiency) = = 1.12
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Presentation Notes
The number of counts found between channels 0 and 20 were calculated using the linear regression equation.  This efficiency CF will now be applied to all future measurements.
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Field Measurements
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Channel 3 Count Rates

Average [cpm] Back:r;ﬁs E[Cp[ﬂ]
IxINal | 37140 8.88
1x1 Csl 395.80 13.28
2x2Nal | 2044.00 76.27
2x2Csl | 2714.00 48.49 e
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Presenter
Presentation Notes
This area, called the WNR south yard, is a radiological controlled area for external radiation.  (exposure levels to any individual are not expected to exceed more than 100 mrem/yr).  

Note: scalar counts would typically not be performed for this type of survey but were performed solely to provide some comparable values.
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Placed in hot spot identified using the probes

45 min irradiation time
20 min transport/decay time

30 min real-time count time

Gross counts (20-150) = 5.21x10*

DT Corrected gross counts 20-150) = 5.75x104
Background (20-150, 17 hour count) = 4.74x10*
Net counts (20-150) = 1.02x10*

CF(eff) = 1.12 = N(counts) = 1.14x10*
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Presentation Notes
A dead time correction factor of 1.12 was applied to this measurement, as well as the 1.12 eff correction factor.  

The location found using the probes allowed for a measurement which yielded a 1.53 mrem/h dose equivalent rate which is specific to neutrons greater than 20 MeV.  Success!!
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FP30R Field Measurements Cont.  wrevsemer

N(counts)
g-7-(1— e_t"/r) : (e_td/f) S(1- e_t"'/r)

R,(min~1) =

R, = 1.53x10° rxn/min = 25.5 rxn/s

n
_ -3
0, (cm2 . S) = 9.94585 x 1072 * R, (rxns/s)

= 15.26 n/cm?s

DB (e ) = ccmremyh per nfem -3+ 0% ;)

DE = 1.53 mrem/h
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60 min irradiation time
8 min transport/decay time DE = 1.24 mrem/h
30 min count time
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Presenter
Presentation Notes
Note: the surveys performed on this flight path were done so using only the audible assist feature and human interpretation of clicks, as intended.  No scalar measurements were collected and peak count rates were not recorded.
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Conclusions
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All 4 probes are useable for qualitative surveys when:
Removed from very high intensity fields

Searching for fast and high-energy radiation, not necessarily
with an exact 8 MeVee threshold

Probes detect all radiations, not specific to neutrons

I'he larger crystal size (2x2) increases sensitivity

I'he CsI(T1l) material is preferable over the Nal(T1l) due
to 1ts density and atomic mass

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
Although the probes detect all radiations, when using the plastic scintillators, the DE is specific to neutrons.  

The smaller probes can be used if desired, though there is not much benefit to using the smaller size.  The weight difference is only 2 lbs.

The CsI(Tl) material is preferable over the NaI(Tl) material, though if necessary, either could be used, but the NaI(Tl) does not have as high of an energy threshold.
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Sniffer Probe Conclusions Cont.  wrow wsosen

Using these probes to perform a shielding survey
outside of WNR flightpaths, 2 locations were
identified with elevated count rates where dose rates
above background were measured

1.e., they work!
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Dose quantification accomplished by measuring the
2C(n,2n)''C reaction taking place inside the plastic
scintillators.

41 counting system

Nearly 100% efficient

20.4 MeV reaction threshold

Performed measurements in two locations
FP30R: equating to 1.53 mrem/h
FP30L: equating to 1.24 mrem/h

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Hot spots with dose rates as low as 1 mrem/h were
easily located using the probes on ratemeter mode and
relying on the audible assist feature

Indicates probes are highly sensitive

Are likely useable to even lower dose rates (0.1-0.2 mrem/h)

Dose rates as low as 1 mrem/h 1n a continuously

occupied area (2000 hours) are sufficient to reach the
LANL ACL of 2 rem/yr

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
With the identification of an area reading 1.24 mrem/h, the probes are able to define areas where workers are at a higher risk of meeting or exceeding the ACL which would not have otherwise been identified. 

Although these locations have very low occupancy, so not a personnel safety concern.
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Pair probes to the more reliable and small RadEye SX
ratemeters instead of E600s

Compare plastic scintillator responses to the EAGLE
and WENDII — are they similar?

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Questions?
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proton E[MeV] dE/dX dL/dE

8 2433  98.3%
dlL / . \) 10 2093  98.6%
dE ~— 20 12.88  99.1%
1 + (kB * dE/dX) alpha E [MeV]
8 235 85.9%
10 2054  87.4%
20 1334 915%

dL/dE = light output
S = scintillation efficiency = 1 when calibrated in MeVee
kB = quenching parameter = 7x10* g MeV-! cm

dE/dX = specific energy loss [MeV cm? g-!] (found using
NIST PSTAR, ESTAR, and ASTAR libraries)
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Table 11. Initial beam parameters for FP60R on Oct. 19, 2019. Table 15. Inttial beam parameters tor FP60R on Nov. 28, 2019.
Parameter Value Parameter Value
Distance from target to probe/semtillator faces | 20 m Distance from target to probe/scintillator faces | 20 m

||FP 60R Current 4.22 pA FP6OR Current 1.825 pA
Pulse Rate 100 pps Pulse Rate 100 pps
Pulse Envelope Length 625 ps Pulse Envelope Length 625 us

Table 12. Initial beam parameters for FPGOR on Nov. 27, 2019, Table 16. Initial beam parameters for FP60R on Dec. 12, 2019.

Parameter Value Parameter Value

Distance from target to probe/scmtillator faces| 20 m Distance from target to probe/scmtillator faces | 20 m

FP60R Current 3.75 A FP 60R Current 3.763 pA
—

Pulse Rate 100 pps Pulse Rate 100 pps

Pulse Envelope Length 625 us Pulse Envelope Length 625 ps

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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Presentation Notes
After completeing these tests, I took my detectors to the LANSCE WNR facility where I put them directly in the beam at FP60R.  This flight path uses a spectrum of neutrons with energies all the way up to 800 MeV.

I performed beam experiments on 4 different days, where the beam parameters for each day are listed on this slide.  The key parameter here is the beam current, ranging from 4.22 to around 3.75 uA on a normal beam day, but on Nov 28th we were able to do a beam exposure at half current.

The primary goal of these exposures is to observe any response on the probes on Ch. 3.  Any response is considered a good response, as these are only to be used for qualititative surveys.
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Counting Cave Equipment List

Equipment Model

Power Supply ORTEC 4001M Mimi-Bin Power Supply Parameter Value
High Voltage Power Supply | Tennelec TC952 Amplifier Output + Unipolar
Photomultiplier Tube DuMont Electron Tubes 6364 Applied Voltage [kV] + 800
Pre-amplifier ORTEC 276 Course Gain 20
Amplifier ORTEC 855 Dual Spec-Amp Fine Gain 6.0
Multi-Channel Analyzer SpecTech Universal Spectrometer UCS20

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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